While studies increasingly document long-term change in community composition, whether 1 8 long-term change occurs gradually or via rapid reorganization events remains unclear. We used 1 9
As humans alter the template of nature by increasing temperature, changing nutrient 1 0 0
Identifying species associations using Latent Dirichlet Allocation 1 0 1 Latent Dirichlet Allocation (LDA) was developed as an alternative to cluster analysis for 1 0 2 summarizing documents based on the words they contain. This machine learning approach was 1 0 3 recently introduced to ecology as a way to quantify changes in species composition across 1 0 4 gradients (see Valle et al. 2014) . LDA takes the words in a document and identifies "topics" -1 0 5
collections of words that tend to be found together in specific proportions (Blei et al. 2003) . Whereas clustering approaches assign each sample ("document") to exactly one cluster, LDA Like many clustering and ordination methods, LDA requires the number of community-types to 1 2 6 be specified as model input (it does not determine the number of community-types supported by 1 2 7 the data). We used AIC to select the appropriate number of community-types needed to 1 2 8 parsimoniously describe the data (Appendix S2: Fig. S1 ). We calculated this value using the log- product of interval-level quasi-likelihoods yields the quasi-likelihood for the full data set; this 1 5 0 value will be largest when the change-points break the time series into relatively stable intervals 1 5 1 that can be explained well by the generalized linear model. The number of possible change-point locations was too large to evaluate all the the change-points identified by the model. Figure S2 demonstrates that a rapid change in mean distribution becomes more diffuse. By simplifying dynamics to only mean and amplitude we can Code for this analysis is available on GitHub (https://github.com/emchristensen/Extreme- Rodent species composition over the 40 years of the study was best described using four 1 7 7 9 different community-types (Appendix S2: Fig. S1 , Table S1 ). Our four community-types share 1 7 8 some species (though they differ in relative abundances), while other species are unique to one or 1 7 9 two community-types ( Fig. 1a ). Our four community-types differ in which species are the most 1 8 0 abundant. Community-types 1 and 2 are dominated by kangaroo rats from the genus Dipodomys: baileyi and community-type 4 by C. penicillatus. In Fig. 1a , the 21 species are arranged on the x- Through time, the different community-types varied in their prevalence and dynamics 1 9 0 ( Fig. 1b) . When the study began, the desert rodent community mainly consisted of community-1 9 1 type 1 (Fig. 1, light blue) . In the mid-1980s, the rodent community transitioned to community-1 9 2 type 2 ( Fig. 1, dark blue) and then transitioned again in the late 1990s to become a mix of 1 9 3 community-types 2, 3, and 4 ( Fig. 1, dark blue, gold, and grey, respectively). Finally, around 1 9 4 2010, the community entered its current state which is seasonal oscillations between community-1 9 5 types 2 and 4 ( Fig. 1, dark blue and grey) . These dynamics and community-types are consistent 1 9 6
with previous studies that documented the decline of D. spectabilis (the co-dominant species of Visually, the LDA results suggest that major shifts in community dynamics occurred 2 0 3 multiple times over the study. Using our change-point approach, we found that a model shown in a different shade of gray. Using these distributions, we identified the 95% credible distributions with our simulations for different rates of change (Appendix S1: Fig. S2 ) suggest 2 1 1 that three of these events occurred relatively rapidly, i.e. in less than five years. Fig. 1d shows the and after each transition event, demonstrating that three of these events (1984, (1998) (1999) 2009 -2 1 4 2010) are driven by a shift in which community-type is most prevalent, marking a major shift in 2 1 5 community structure. The 1988-1996 transition differs from the other three major reorganization events. It has 2 1 7 a broader change-point distribution, and there is no change in which community-type is the dominant community-type through this period and minor changes in community structure as 2 2 0 community-type 1 disappears and community-types 3 and 4 increase in prevalence. These 2 2 1 dynamics suggest the 1988-1996 transition is not a rapid shift in community structure like the 2 2 2 other events, but is instead a period of increased variability in community structure and/or is a 2 2 3 1 1 signal of a very slow shift in species composition that was abruptly terminated with the major 2 2 4
reorganization event of 1998-1999. We also repeated analyses with three, five and six 2 2 5 community-types in case our results were highly sensitive to the number of community-types 2 2 6 specified, and qualitatively, the results we discuss are generally robust (see Appendix S2: Fig.   2  2  7 S3, Fig. S4, Fig. S5 for comparison) . Over nearly 40 years, the rodent community at the Portal Project has changed 2 3 0 substantively, with shifts in species composition, dominance structure, and distributions of body 2 3 1 sizes and habitat affiliations (Fig. 1 ). Our results are consistent with earlier studies which events that occurred roughly every 10-15 years (Fig. 1) , and a long period in the 1980s which to transition events, but quantifying those more subtle dynamics will require development of we examine the timing of the rapid transitions, there is a coincidence between the location of the 2 5 2 change-point distributions and low abundance periods for the rodents (Fig. 2 ). Not all low 1 3 the co-occurrence of low abundances and transition periods with climate events suggests that 2 7 0 studying these linkages further may be productive.
7 1
There are a variety of processes that could link low abundance to an increased likelihood 2 7 2 of a rapid ecological transition. One hypothesis for why low abundance could generate transition 2 7 3 events is that low abundances occur when the dominant species has been hit disproportionately our species appear to be tracking the shift in environment, it seems unlikely that stochastic 2 8 8 processes alone explain why our community structure changes after low abundance events. A
